This paper concerns the design and realization of a solar tracking system oriented to the PV conversion panels. In general, the electricity generated by the PV panels is influenced by the intensity of solar radiation and ambient temperature. They will generate maximum electrical power when the intensity of solar radiation received is also maximum, therefore the PV must be controlled so that its position is always perpendicular to the sun. The proposed single axis solar tracking system offers optimal energy conversion process of solar energy into electricity through appropriately orienting the PV panel in accordance with the real position of the sun. The mechanism of the experiment is based on a DC motor which is intelligently controlled by fuzzy logic controller that moves prototype according to the inputs received from LDR sensors. The performance of the solar tracking system is experimentally investigated. The designed system has power gain of 47% compared to the fixed system.
Introduction
Recently, the world experiences some crisis due to a continous reduction in existing fossil fuel sources, enormously increasing energy demand and uncontrolled environmental pollution that have encouraged people to find cutting-edge technology for the production of electric energy using clean, renewable sources, such as solar energy, geothermal, wind energy, etc. Among the non-conventional renewable energy sources, solar energy is large potential for conversion into electricity, able to ensure a exceedingly critical part of the electrical energy needs of the planet.
The position of Indonesia is located in the equator, making Indonesia as a country with abundant solar energy resources, where the intensity of solar radiation on average about 4.8 kWh/m2 per day in all parts of Indonesia. With an abundance of solar energy resources are not optimally used yet, then the solar power generation system is one solution that can be considered as an alternative energy to meet the challenges of rising energy needs in the future. Development of technology for the conversion of sunlight into electrical energy is one of most promising and challenging because everyone will be trying to find a new breakthrough in order to present a product with the criteria including clean, silent and reliable, with very low maintenance costs and minimum environment impacts. Solar energy is free, extremely inexhaustible, and contributes no polluting residues or greenhouse gases emissions.
Photovoltaic or PV is the process of converting sunlight into electrical energy which occurs in a solar panels (PV panels). Although PV panels are not very new thing but efforts to improve the performance of PV panels are still one of the main study for academics and industry. Some solutions that can be offered to improve the performance of PV solar panels are solar tracking system [1, 5] , configuration and geometry optimization of solar cells [2] and new material technology. Development of the global market for PV panels have experienced a tremendous increase in the last years and the increasing trend in the future.
Many theoretical and practical studies have been conducted by researchers to get the improvement of PV power plants using single axis or dual axis solar tracking PV [1, 3, 4, 7, 8, 9] . Beside that Kacira et al [6] observed the effect of a dual-axis solar tracking on power increase compared to a static PV panel in Sanliurfa of Turkey, and found that the daily power gain is 29.3% in solar radiation and 34.6% in power generation, for a particular day in July. Abu khader et al [1] performed an experimental investigation on the effect of using two-axis sun-tracking systems under Jordanian climate. It was found that an increase of about 30 -45% in the output power compared to the fixed PV system, for particular days.
This research has developed prototype of single axis solar tracking system based on fuzzy logic controller that automatically searches the optimum PV panel position to the sun.
The working principle of solar tracking system developed in this study is demonstrated by the following block diagram. Controlled signal generated by fuzzy logic controller (PWM Signal) will order the DC motor to move or stop. Thus, the PV panel will be always perpendicular to the sun.
Design and Implementation
Implementation of the single axis solar tracking system is performed through 2 stages including the realization of the components and integrating each component into a unified system. At the first stage is the realization and testing of components. These are: mechanical parts and electrical parts (LDR sensors, Control Modules, DC motors and PV panel).
Mechanical Parts
The first step of the design of the plant is to calculate the moment of inertia of the solar panels in order to determine the location of the axis or rotary axis appropriately. In this case there are two possibilities, namely in the middle of the horizontal side (l) or in the middle of the vertical side (w) of solar panels. Theoretically, the smaller the moment of inertia of an object then it will be easier to move. Based on calculations, the best position of the rotary axis is placed in the middle of the vertical side of solar panels because it has moment of inertia smaller than others. The second step is to determine the torque needed to move solar panels, in order to obtain the suitable characteristics of DC motors. Based on the specifications of the PV panel as shown in table 1 that the value of the minimum torque required to drive the PV panel is 21.75 N.cm. The next step is to create a perspective diagram using the software tool and shown as belows. 
Electrical Parts LDR sensor unit
A light dependent resistor (LDR) is a resistor whose resistance decreases with increasing incident light intensity. LDR sensor unit consist of 2 sensors. These are used for measuring light intensity and generating analog voltage signals to be sent to control modules. They senses the position of the sun in vertical axis i.e. east and west side. Sensors are installed on the solar panel and located around an enclosure, the LDRs are separated by opaque surfaces or is called balancer. Figure 3 shows simple LDR circuit used in this work. 
Control Modules
The main control unit of the whole system is microcontroller. The control strategy used in this project is fuzzy logic controller (FLC) where it is a method of mapping an input to the output space by using IF-THEN rules. In general, a fuzzy logic controller comprises of three basic components. These include fuzzification, inferencing (it consists of fuzzy rule bases, the implication from the antecedent to the consequent, and aggregation of all the consequent of all IF-THEN rules) and defuzzification.
Fuzzification is the process of mapping the crisp inputs into a degree of membership, in this case non-fuzzy or crisp inputs are the voltage errors. Here the voltage errors are defined as the difference between the east and west LDR voltage output. In this scheme, the fuzzy logic control has five membership functions that are defined as NVS (negative very small), NS (negative small), ZE (zero), PS (positive small) and PVS (positive very small) as shown figure 5. While the fuzzy outputs consist of FAST CCW, CCW SLOW, STOP, SLOW CW, CW FAST as shown in figure 6.
Negative Small (NS): If east LDR voltage is much smaller than west LDR Negative Very Small (NVS): If east LDR voltage is smaller than west LDR Zero (ZE): If east LDR voltage is equal to west LDR Positive Very Small (PVS):
If east LDR voltage is larger than west LDR Positive Small (PS):
If east LDR voltage is much larger than west LDR Figure 5 . The membership function of fuzzy logic control input
Membership function of ZE is triangular with the input range of -0.1 to 0.1 Volts. The experimental results show that at this value, each sensor receives solar radiation that almost the same or in other words that the PV panel is perpendicular to the sun. Accordingly, when the error is in the range then the movement of the motor will be stopped (STOP MODE) as shown figure 7. Meanwhile PVS has a trapezoidal membership functions, where the range is 0.1 -0.3 volts. In this range, the position of the PV panel is nearly perpendicular to the sun. Thus the motor will move slowly for a clockwise direction (CW SLOW ) so that the PV panel will return to its original position.
PS has a trapezoidal membership functions, according to the experiments, error input is more than 0.4 Volt. In this case, the position of the PV panel is't perpendicular to the sun. This occurs when the start-up in the morning, where the position of the PV panel is facing west while the sun rise from the east. Therefore, the motor will move quickly in a clockwise direction to search the real position of the sun (CW FAST).
As for membership functions of NVS is trapezoidal where the error is -0.1 -0.3 volts. At this point, the position of the PV panel is almost perpendicular to the sun. It means the motor must move slowly counter-clockwise in order to keep the PV panels facing the sun (CCW SLOW). Whereas NS has a trapezoidal membership functions which the input error is less than -0.4 volts. It is similar to the PS where its difference is the direction of rotary motors that move opposite to the clockwise (CCW FAST).
While the fuzzy rule bases used in this scheme are given in Figure 7 shows the mechanism used on the implication step of fuzzy system, where After the output of each IF-THEN rule is determined on the implication phases (i.e a fuzzy set of output is given weight) then the next step is to combine the output of all IF-THEN rules into a single fuzzy output set ( FAST CCW, CCW SLOW, STOP, SLOW CW, CW FAST), or known as aggregation step. Finally, defuzzification, as last step of fuzzy system where the centre of gravity method has been used in this paper, converts each fuzzy set (aggregation output ) into crips value (motor speed) which is represented to suitable PWM (pulse width modulation ) signal. 
DC Motors
DC motor has the characteristics of low power consumption, large torque, low noise, small size, light weight, and easy to use. The DC motor used as actuator in the system has maximum angular speed of 5 rpm and 12 V of voltage supply. It is also equipped by gearbox as a speed reducer and it can move or rotate smoothly, as shown figure 9. Direction and speed of the DC motor represent plant outputs. In this case, the direction of DC motor can be set using the motor driver circuit, namely IC L298N. Moreover, the angular speed of the DC motor is controlled through a mechanism of PWM (Pulse Width Modulation). As stated previously that the DC motor will be in off -mode when the difference in the intensity of both two LDRs received are small (< 0.1 volt). This value is based on the experiment results and is intended to avoid oscillation. Figure 9 . DC motor actuators
Assembling of Solar Tracking System
The second stage is to integrate electrical and mechanical components as shown in fig 10 below , where according to experiments can be acquired that optimum angle of slope / tilt of PV panels is 30 o for dry season (it is set based on date, month and latitude). The results of the testing of each component indicated that these have linear characteristics with the maximum hysteresis is less than 5.5%. In other word, that they have a reasonably good performance. To test the performance of the system was built, several experiments were carried out by comparing the output power generated by the PV panels of both fixed and tracking system where two PV panels used in the experiments have the same specifications and characteristics. The configuration of the experiments is shown in fig. 11 below. Figure 11 . The experiments for fixed and tracking PV panels Figure 12 ilustrates the comparison of output energy generated by two different systems (tracking vs. Fixed PV panel) for one-day i.e starting from 07.00 AM until 04.00 PM, the data are taken every 30 minutes, while the sky is clear with maximum illumination intensity, air temperature and the average wind speed are 110 600 lux, 36.3°C and 2 m/s, respectively. The location of the experiment is in surabayaIndonesia. Based on the experiment results, it can be known that the largest power increase achieved by the solar tracking system is 192.5% of the fixed PV panel which occurred at 09.00 AM.
This shows that the radiation and temperature received by the tracking PV panel are more optimal than the other. The average power increase produced by using the tracking system for a particular day (one -day experiment), is over 47% compared with the fixed one. The average power increase of the system is 47.16% compared to the fixed one. It means during the dry season that the prototype can improve the power efficiency over 47%, especially in Indonesia which is a tropical country with two seasons.
Conclusions
Based on the experiment results we have concluded that the proposed fuzzy logic controller for a solar tracking system has worked properly. A fuzzy logic controller (one inputone output) was implemented on ATMEGA 8353 microcontroller to increase power gain of PV panels. The output power generated by the PV panels has been maximized, even to some extent it exceeded 47% compared to the fixed panel. Overall, the fuzzy logic controller based solar tracking system which is already built is an efficient system for renewable energy.
